Nonlinear phenomena in the magnetic pendulum problem: butterflies and chaos, fractals and Wada by Christian, JM & Middleton-Spencer, HAJ
No nline a r  p h e no m e n a  in t h e  
m a g n e tic  p e n d ulu m  p ro ble m:  
b u t t e rflies  a n d  c h aos,  fr ac t als  
a n d  Wad a
Ch ris ti a n,  JM a n d  Mid dle to n-S p e n c er, HAJ
Tit l e N o nline a r  p h e no m e n a  in t h e  m a g n e tic  p e n d ulu m  p ro ble m:  
b u t t e rflies  a n d  c h aos,  fr ac t al s  a n d  Wada
Aut h or s Ch ris ti a n,  JM a n d  Middle ton-S p e n c er, HAJ
Typ e Confe r e nc e  o r  Works ho p  It e m
U RL This  ve r sion  is available  a t :  
h t t p://usir.s alfor d. ac.uk/id/e p rin t/56 5 4 4/
P u bl i s h e d  D a t e 2 0 1 9
U SIR is a  digi t al collec tion  of t h e  r e s e a r c h  ou t p u t  of t h e  U nive r si ty of S alford.  
Whe r e  copyrigh t  p e r mi t s,  full t ex t  m a t e ri al  h eld  in t h e  r e posi to ry is m a d e  
fre ely availabl e  online  a n d  c a n  b e  r e a d ,  dow nloa d e d  a n d  copied  for  no n-
co m m e rcial p riva t e  s t u dy o r  r e s e a r c h  p u r pos e s .  Ple a s e  c h e ck  t h e  m a n u sc rip t  
for  a ny fu r t h e r  copyrig h t  r e s t ric tions.
For  m o r e  info r m a tion,  including  ou r  policy a n d  s u b mission  p roc e d u r e ,  ple a s e
con t ac t  t h e  Re posi to ry Tea m  a t :  u si r@s alford. ac.uk .
Nonlinear phenomena in the magnetic pendulum problem: 
butterflies and chaos, fractals and Wada 
 
J. M. Christian and H. A. J. Middleton-Spencer 
Joule Physics Laboratory, University of Salford, Greater Manchester M5 4WT, United Kingdom 
 
POSTER ABSTRACT 
 
The magnetic pendulum is a tabletop toy that provides a striking demonstration of dissipative chaos.  
It typically comprises three magnets placed on the vertices of an equilateral triangle in the horizontal 
base plane, above which is suspended a traditional pendulum bob (another magnet) that may 
otherwise swing freely.  The bob tends to follow complicated and seemingly-irreproducible paths as it 
orbits the base-plane magnets. 
 
Here, we consider a two-fold generalization of the standard problem.  First, regular-polygon 
arrangements of N base-plane magnets are accommodated beyond the most familiar case of N = 3.  
Particular attention is paid to N = 4, which allows interesting new structures to develop in the basins 
of attraction.  Second, a more physically correct formulation of magnetic interactions is incorporated: 
the magnets are treated as dipoles, and the strength of their interaction force varies with 1/(distance)
4
.  
An overview of the pendulum’s dynamical properties will be explored by studying a range of initial-
value problems, wherein the Wada-type fractal basin boundaries (in both real and velocity spaces) are 
found to possess features across multiple scales.  Such a property is tightly connected to the 
phenomenon of sensitive dependence on initial conditions, and we quantify this property by 
estimating the uncertainty dimension. 
 
